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(57) Abstract 

A cardiac lead is provided that Includes a connector for coupling to a cardiac stimulator and a first flexible insula Ling sleeve coupled to 
the connector. A second flexible insulating sleeve is coupled to the connector and has a portion positioned inside the first flexible- insulating 
sleeve. A first conductor wire Us provided that has at least a first loop and a second loop* The first and second loops are positioned between 
the portion of the second flexible insulating sleeve and the first insulating sleeve. A second conductor wire is provided that has a third 
loop. The third loop is positioned between the portion of the second flexible insulating sleeve and the first Insulating sleeve. The first end 
second conductor wires are spiraled together so that the third loop is positioned between the first and second loops. The lead provides for 
the union of two conductor in a flexible structure that facilitates passage of a highly curved stylet. 
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CARDIAC LEAD WITH ETFE COATED DBS COIL 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This Invention relates generally to cardiac stimulator leads, and more 
particularly to a cardiac stimulator lead having an improved structure for joining 
5 the ends of two conductor wires. 
Description of the Related Art 

Conventional cardiac stimulator systems consist of a cardiac stimulator 
and an elongated flexible cardiac lead that is connected proximally to a header 
structure on the cardiac stimulator and is implanted distally at one or more sites 
10 within the heart requiring cardiac stimulation or sensing. The cardiac stimulator 
is normally a pacemaker, a cardioverter/defibrillator, a sensing instrument, or 
some combination of these devices. At the time of implantation the distal 
end of a cardiac lead is inserted through an incision in the chest and 
manipulated by the physician to the site requiring electrical stimulation with the 
15 aid of a flexible stylet that is removed prior to closure. At the site requiring 
electrical stimulation, the distal end of the lead is anchored to the endocardium 
by an active mechanism, such as a screw-in electrode tip, or alternatively, by a 
passive mechanism, such as one or more radially spaced tines that engage the 
endocardium. The proximal end of the lead is then connected to the cardiac 
20 stimulator and the incision is closed. The implantation route and site are usually 
imaged in real time by fluoroscopy to confirm proper manipulation and placement 
of the lead. 

A conventional cardiac stimulator lead normally consists of an elongated, 
flexible, tubular, electrically insulating sleeve that is connected proximally to a 
25 connector that is adapted to couple to the header of a cardiac stimulator. In 
pacing leads, the distal end of the insulating sleeve is joined with a tip electrode. 
In defibrillator leads, a defibrillator of shock coll commonly projects from the 
distal end of the insulating sleeve. The shock coil consists of an uninsulated 
coiled wire wound with a large number of coils. The plurality of coils distribute 
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defibrillation pulses over a much larger surface area of the myocardium than a 
pacing electrode. 

In some conventional defibrillator lead designs, the electrical pathway 
between the lead connector and the shock coil is provided by a separate 
5 conductor wire that is coupled proximally to the connector and secured distally 
to a crimp assembly. The conventional crimp assembly consists of an inner 
tubular sleeve over which respective ends of the shock coil and the other 
conductor wire are positioned and crimped into position by respective outer 
crimp sleeves. The inner sleeve and the outer sleeves are normally made of 
io titanium or other relatively rigid biocompatible conducting materials. The inner 
tubular sleeve is of such length that the ends of the shock coll and the other wire 
are usually not intertwined. The conducting nature of the inner sleeve is relied 
upon to pass current between the two wires. 

A conventional crimp assembly can significantly hamper the movement 
of a stylet used to spatially manipulate the lead during implantation. For most 
implantation procedures, the physician inserts a stylet into the lead 'connector 
and advances ittothe distal tip of the lead. The physician then manipulates the 
stylet to accurately position the distal end of the lead proximate the endocardial 
site requiring electrical stimulation. The distal end of the stylet must be inserted 
through the crimp assembly in order to reach the tip of the lead. This step may 
not be problematic where the stylet is not bent significantly prior to insertion, as 
is often the case where the implantation involves a relatively straight pathway 
through the heart. Fixation to the right ventricular apex is an example of such 
a relatively straight pathway. 

Where the implantation requires the pathway of the lead tip to be 
deviated, the situation may become more difficult for the physician. For 
example, fixation to the superior interventricular septum or access to the great 
cardiac vein via the coronary sinus require the lead tip to be turned abruptly after 
entry into the heart. This is frequently accomplished by introducing a severe 
bend in the distal end of the lead/usually after the lead is initially positioned 
Inside the heart Initially, a straight stylet is used to move the lead into the right 
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atrium. Then the straight stylet is removed and a highly curved stylet Is Inserted 
and advanced to the distal end of the lead. The stylet is usually curved by the 
physician by hand based on the physician's experience and knowledge of the 
patient's particular anatomy. The radius of curvature of the bend may be quite 
S small. 

The initial movement of the highly curved portion of the stylet through the 
lead may be unremarkable since the majority of the lead is quite flexible. As the 
curved portion is advanced, the lead is able to temporarily conform to the 
curvature of the stylet! In contrast to the insulating sleeve, the crimp assembly 
io is quite rigid and cannot conform to the curvature of the stylet As a result, the 
physician may encounter significant resistance to further axial movement when 
the highly curved portion of the stylet encounters the inner sleeve. This 
undesirable tactile response is more than just a nuisance. The natural tendency 
of the physician at this point is to apply additional thrust to the proximal end of 
15 the stylet to force the curved portion through the inner sleeve. Because the 
stylet is highly curved and thrust is being applied at the opposite end thereof, the 
stylet will tend to behave like an unstable column under compression loading. 
If the rubbing of the inner sleeve is great enough, axial thrust applied by the 
physician will cause the stylet to buckle and plastically deform at one or more 
20 points along its length. With one or more unintended bends in the stylet the 
movement of the lead in response to manipulation of the stylet may be 
unpredictable and the complexity of the implantation procedure increased. 

The present invention is directed to overcoming or reducing the effects of 
one or more of the foregoing disadvantages. 
25 SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, a cardiac lead is 
provided that includes a connector for coupling to a cardiac stimulator and a firet 
flexible insulating sleeve coupled to the connector A second flexible insulating 
sleeve is coupled to the connector and has a portion positioned inside the first 
30 flexible insulating sleeve. A first cbiled conductor wire is provided that has at 
least a first loop and a second loop. The first and second loops are positioned 

-3- 
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between the second flexible insulating sleeve and the first insulating sleeve. A ' 
second conductor wire is provided that has at least a third loop. The third loop 
is positioned between the second flexible insulating sleeve and the first 
insulating sleeve. The first and second conductor wires are spiraled together so 
5 that the third loop is positioned between the first and second loops. 

In accordance with another aspect of the present Invention, a cardiac lead 
is provided that includes a first connector and a second connector coupled to a 
branch assembly. A first flexible insulating sleeve is coupled to the branch 
assembly. A second flexible insulating sleeve is coupled to the branch assembly 
io and has a portion positioned inside the first flexible insulating sleeve. A first 
coiled conductor wire is provided that has at least a first loop and a second loop. 
The first and second loops are positioned around the second flexible insulating 
sleeve within the branch assembly. A second conductor wire is provided that 
has a third loop. The first and second conductor wires are spiraled together so 
15 that the third loop is positioned between the first and second loops. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other advantages of the invention will become 
apparent upon reading the following detailed description and upon reference to 
the drawings in which: 

20 F,G - 1 's a pictorial view of a conventional cardiac stimulator lead; 

FIG. 2 is a cross-sectional view of FIG. 1 taken at section 2-2; 
FIG. 3 is a cross-sectional view of FIG. 1 taken at section 3-3; 
FIG. 4 is a quarter-sectional anterior view of a human heart depicting a 
typical implantation of the lead shown in FIGS. 1-3; 
25 FIG. 5 is a side view of the proximal end of the lead of FIG. 1 depicting 

insertion of a curved stylet; 

FIG. 6 is pictorial view of an exemplary embodiment of a cardiac lead and a 
cardiac stimulator in accordance with the present invention; 

FIG. 7 is a cross-sectional view of FIG. 6 taken at section 7-7 in 
30 accordance with the present invention; " 
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FIG. 8 is a cross-sectional view of FIG. 6 taken at section 8-8 in 
accordance with the present invention; 

FIG. 9 is a cross-sectional view of one of the filars of a conductor wire of 
the lead shown in FJGS. 6 and 7 in accordance with the present invention: 

5 FIG. lOisasideviewofanexemplaryembodimentofawirecoilspreader 

in accordance with the present invention; 

FIG. 11 is a cross-sectional view of the coil spreader shown in FIG. 10 in 
accordance with the present invention; 

FIG. 12 is a side view like FIG. 10 showing a conductor wire positioned 
io thereon prior to coil spreading in accordance with the present invention; and 
FIG. 13 is a view like FIG. 12 depicting the wire after coil spreading in 
accordance with the present invention; and 

FIGS. 14 and 15 are side views of two conductor wires of the lead of FIG. 
6 depicting the process of intertwining of the two wires. 

15 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Background Art 

Turning now to the drawings, and in particular to FIGS. 1 and 2 there is 
shown an exemplary conventional pacing/defibriliator lead 10 (hereinafter "lead 
10"). The lead 10 is provided with a flexible tubular insulating sleeve 12 that 
20 divides proximaily into segments 14 and 16 at a branch 18. The segment 14 
terminates proximaily In a connector 20 and the segment 16 terminates 
proximaily in another connector 22. The connectors 20 and 22 are designed to 
be inserted into a cardiac pacemaker can (not shown). The connector 20 
teiminates proximaily in a pin 24. The pin 24 is connected to a conductor wire 
25 positioned inside the segment 14 and the lead sleeve 12 as described more fully 
below. A set of O-rings 25 is molded to the exterior of the connector 20 to retard 
the intrusion of body fluids into the pacemaker can. The connector 22 similarly 
terminates in a connector pin 26. However, the pin 26 is hollow to enable 
insertion of a stylet inside the lead 1 0 during implantation. The connector pin 26 
io is connected to a conductor wire that is positioned in the segment and stretches 

-5- 
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to the branch 18 as described more fully below. An annular contact 27 is fitted 
to the connector 22. Pairs of O-rings 28 and 29 are molded to the exterior of the 
connector 22 to provide a seal against body fluids entering the pacemaker. 
The distal end of the insulating sleeve 12 encloses a crimp assembly 30. 
5 A defibrillator or shock coll 31 projects distalfy from the crimp assembly 30. 
terminating inside a tip sfeeve 32. A tip electrode 34 projects slightly from the 
ffp sleeve 32 and is provided with a corkscrew 35 for securing the lead 10 to 
myocardial tissue. The tip electrode 34 is connected to a conductor wire 36 that 
extends through the length of the lead 10 4 terminating at and connecting with the 
10 pin 26. The conductor wire 36 is jacketed by an Insulating sleeve 37 that is 
secured distally to tip electrode 34 by a biocompatible medical grade adhesive 
and proximally over the connector pin 26 in a like manner. A suture sleeve 38 
is slipped over the sleeve 12. 

The detailed structure of the crimp assembly 30 may be understood by 
is referring now to FIG, 2, which is a cross-sectional view of FIG. 1 taken at section 
2-2. The crimp assembly 30 includes an inner crimp sleeve 39 that is positioned 
inside the insulating sleeve 12. Two outer crimp sleeves 40 and 42 are crimped 
around the inner crimp sleeve 39. The outer crimp sleeve 40 secures the distal 
end of a conductor wire 44 to the inner crimp sleeve 39. Similarly, the outer 
20 crimp sleeve 42 secures the proximal end of the shock coil 31 to the inner crimp 
sleeve 39. The inner crimp sleeve 39 is typically composed of a conducting 
material, such as titanium, that establishes an electrical pathway between the 
distal end of the conducting wire 44 and the proximal end of the shock coil 31. 
Another conductor wire 36 passes through the inner crimp sleeve 39 and is 
25 connected proximally to the connector pin 26 of the connector 22 shown in FIG. 
1, and distally to the tip electrode 34 shown in FIG. 1, The shock coll 31 is 
disposed around a shock coil sleeve 48. One end 49 of the shock coil sleeve 48 
is slipped over the distal end of the inner crimp sleeve 39. The other end is 
secured to the proximal end of the tip electrode 34 shown in FIG. 1. 
30 The insulating sleeve 12 is slipped around the exterior of the inner crimp 

sleeve 39 and of the outer crimp sleeves 40 and 42, and secured with medical 
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adhesive. The small gap between the inner diameter of the insulating sleeve 12 
and the outer diameter of the shock coil sleeve 48 is sealed with a biocompatible 
adhesive 50. The conductor wire 44 is individually Insulated, save the portion 
thereof positioned between the outer crimp sleeve 40 and the inner crimp sleeve 
5 39 so that electrical isolation is maintained between the conductor wife 44 and 
the conductor wire 36 throughout the length of the insulating sleeve 12. 

The detailed structure of the branch 18 may be understood by referring 
now to FIG. 3, which is a cross sectional view of FIG. 1 taken at section 3-3. 
The branch 18 includes a branch body 52 that is slipped over and glued around 
io the segment 14, the segment 16 and the insulating sleeve 12 as shown. A crimp 
assembly 54 is positioned inside the branch body 52 and is structurally identical 
to the crimp assembly 30 depicted in FIG. 2. Accordingly, the crimp assembly 
54 includes outer crimp sleeves 56 and 58 positioned around an inner crimp 
sleeve 60. The conductor wire 44 is crimped to the inner crimp sleeve 56 by the 
15 outer crimp sleeve 58. Proximal to the outer crimp sleeve 58, the conductor wire 
44 is uncoiled and routed through the branch body 52 and into the segment 14. 
The uncoiled filars 62 of the conductor wire 40 are shown in phantom. The distal 
end of a conductor wire 64 is crimped to the inner crimp sleeve 60 by the outer 
crimp sleeve 56. The conductor wire 64 is connected proximaily to the annular 
20 electrode 27 of the connector 22 shown in FIG. 1 . Note that the conductor wire 
64 and the conductor wire 44 are electrically connected via the conducting inner 
crimp sleeve 60. The conductor wire 36 passes through the branch body 52 and 
the inner crimp sleeve 60 and into a tubular sleeve 66 that is positioned inside 
the segment 16 and extends proximaily past the proximal end of the annular 
is electrode 27. 

An illustrative implantation of the lead 10 may be understood by referring 
now to FIGS. 4 and .5. FIG. 4 is a quarter-sectional anterior view of a human 
heart 68. The lead sleeve 12 is introduced into the superior cava 70, and 
advanced through the right atrium 72 into the right ventricle 74 via the tricuspid 
30 valve 76. The corkscrew 35 of the lead 10 is secured superiorly to the 
interventricular septum 78 and a sufficient portion of the lead sleeve 12 is 

-7- 
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advanced into the right ventricle 74 so that the shock coil 31 is brought fnto 
physical engagement with the interventricular septum 78. In order to establish 
the requisite engagement with the superior interventricular septum 78, a 
significant bend 80 must be introduced into the lead 10. Bends in the lead 10, 
5 such as the bend 80, are common in implantation procedures involving deviated 
pathways, such as the pathway depicted in FIG. 4, as well as pathways leading 
to fixation to the right hand side of the right atrium 68 or pathways involving entry 
into the coronary sinus 82. 

The lead 10 is spatially manipulated by means of a flexible stylet 84 that 
i o is inserted into the connector pin 26 of the connector 22 and advanced fnside the 
lead 10 to the tip assembly 32* The stylet 84 is of such length that ft is shown 
broken, A small cylindrical handle 85 is fitted to the stylet 84 to aid the physician 
in applying thrust to the stylet 84, particularly when a majority of the length of the 
stylet 84 is already inserted into the lead 10. In order to establish the tight bend 
15 80 in the lead 10, the distal end 86 of the stylet 84 is plastically deformed by 
hand into a highly curved shape prior to insertion into the pin 26 as shown in 
FIG. 5. The bending action establishes a relatively small radius of the curvature 
rforthe distal end 86. 

The tight bend of the distal end 86 combined with tine internal structure of 
20 the lead 10 can create difficulties for the physician at the time of implantation. 
Referring again to FIGS. 2 and 3, as the distal end 86 of the stylet 84 is 
advanced through the connector 22, the segment 16, and into the branch 
assembly 18, the generally tubular structure of the connector 22 and the inner 
sleeve 66 will tend to temporarily and partially straighten the distal end 86. 
25 However, the distal end 86 will retain a significant curved portion 88 as shown 
in FIG, 3. As this highly curved portion 88 passes through the inner crimp sleeve 
60, significant rubbing and frictional resistance to longitudinal movement will 
result Since the inner crimp sleeve 60 is composed of a relatively rigid material, 
it cannot temporarily deform to more easily permit the curved portion 88 to pass 
30 therethrough. 



-8- 
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The resistance to longitudinal movement of the distal end 86 of the siylet 
84 through the crimp assembly 54 is normally overcome by applying additional 
thrust to the portion of the stylet 84 projecting from the connector pin 26 without 
undue effort However, the passage of the distal end 86 through the crimp 
5 assembly 30 is more problematic- As shown in FIG, 2, as the curved portion 88 
of the distal end 86 passes through the crimp assembly 30 f the aforementioned 
rubbing action occurs. The resistance to longitudinal movement of the stylet 84 
is now compounded by friction between the stylet 84 and the internal structures 
of the sleeve 10 proximal to the crimp assembly 30, At this point, the stylet 84 
10 behaves much like an unstable column under compressive load. As thrust Is 
applied to the handle 85 of the stylet 84, and transmitted through the entire 
length of the extremely thin stylet 84, the stylet 84 will have a tendency to buckle 
and permanently deform at one or more places between the handle 85 and the 
. highly curved portion 88. These new bends in the stylet 84 can make the 
15 behavior of the stylet 84 and the movement of the lead 1 0 thereby somewhat 
unpredictable for the physician. 
Preferred Embodiment 

An exemplary embodiment of a cardiac stimulator lead 90 in accordance 
with the present invention may be understood by referring now to FIGS. 6, 7 and 
20 8, This invention eliminates the need for crimp sleeves, described above, 
thereby improving the flexibility of the lead and the ease of inserting a stylet 
FIGS. 7 and 8 are sectional views of FIG. 6 taken, respectively, at sections 7-7 
and 8-8, For clarity of illustration, certain components of the lead 90 are shown 
in full in FIG. 8. The cardiac stimulator lead 90 includes a lead body 92 that has 
25 a tubular insulating sleeve 94 which bifurcates proximally into two segments 96 
and 98 at a branch assembly 100. The length of the lead body 92 is such that 
it is shown broken. A suture sleeve 101 is slipped over and used to secure the 
lead body 92 at a preselected point in the patient's body. The segment 96 
terminates in a connector 102 and the segment 98 terminates in a connector 
30 104. The connector 1 02 is provided with a connector pin 106 and the connector 
104 is provided with a connector pin 108 and an annular contact 110. The 
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connectors 102 and 104 are designed to be connected to a cardiac stimulator 
112, which consists of a can 114 and a header assembly 116 coupled to the can 
114. The header assembly 116 includes ports 118 and 119 into which the 
connectors 102 and 104 are inserted respectively. The connectors 102 and 104 
5 are shown highly exaggerated in si2e relative to the remainder of the lead 90 for 
clarity of illustration. The cardiac stimulator 112 may be a pacemaker, a 
cardioverter/defibrillator, a , sensing instrument, or a combination of these 
functionalities. 

The pin 106 is connected via by crimping, welding or the like to a 
io conductor wire 120 that passes through the segment 96 and the branch 
assembly 100 and extends into the lead sleeve 94 as described more fully 
below. The conductor wire 120 is preferably coiled and comprises a plurality of 
adjacent loops. The conductor 120 may be comprised of one or more fllars. 
each filar lying adjacent the others. A set of O-rings 121 is molded to the 
15 exterior of the connector 102 to retard the intrusion of body fluids into the cardiac 
stimulator header 1 16. The pin 1 08 is hollow to enable insertion of a stylet inside 
the lead 90 during implantation. The connector pin 108 is connected via by 
crimping, welding or the like to a conductor wire 122 that passes through the 
segment 98 and terminates in the branch assembly 100 as described more fully 
20 • below. The conductor wire 122 is preferably coiled and comprises a plurality of 
adjacent loops. The conductor may be comprised of one or more filars, each 
filar lying adjacent the others. Pairs of O-rings 123 and 124 are molded to the 
exterior of the connector 104 to retard body fluid intrusion. The exterior of the 
connectors 102 and 104 may be composed of a biocompatible electrically 
25 insulating material, such as silicone, polyurethane or the like, and the pins 106 
and 1 08 may be fabricated from stainless steel, titanium or the like. 

The detailed structure of the lead body 92 may be understood by referring 
to FIG. 8. For clarity of illustration only the insulating sleeve 94 is actually shown 
in section in FIG. 8 while the remaining the components are shown in full. A 
30 defibrillator or shock con 126 projects distally from the distal end 127 of the 
insulating sleeve 94, terminating inside a tip sleeve 128. The proximal end of the 
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shock coil 126 is intertwined proximally with the distal end of the conductor wire 
120 at the region designated 129. The conductor wire 120 is connected 
proximally to the connector pin 106 shown in FIG. 6 by crimping, welding or the 
like. The shock coil 126 delivers defibrillating pulses from the cardiac stimulator 
5 1 12 to myocajdial tissue. A tip electrode 130 projects slightly from the tip sleeve 
128 and is provided with a corkscrew 132. The corkscrew 132 Is used to secure 
the tip electrode 130 to myocardial tissue, and may be augmented and/or 
substituted with one or more radially spaced tines or other type of fixation 
mechanism. The tip electrode 130 supplies pacing pulses from the cardiac 
10 stimulator 112 to myocardial tissue and transmits sensing signals from 
myocardial tissue back to the cardiac stimulator 112. An electrical pathway 
between the tip electrode 130 and the connector pin 108 is established by a 
conductor wire 133 that is connected distaily to the tip electrode 130 by 
biocompatible medical grade adhesive, crimping, welding or the like, and 
15 extends through the length of the lead 90, terminating at and connecting to the 
pin 108 by like methods. 

Both the conductor wire 120 and the shock coil 126 are positioned around 
an inner sleeve 134 that is coupled distaily to the bp electrode 130 inside the tip 
sleeve 126 by biocompatible medical grade adhesive, crimping or like methods, 
ao and proximally to the connector 104 shown in FIG. 6 by like methods. Note that 
a portion of the inner sleeve 134 is cut away to reveal the conductor wire 133 
positioned therein. The conductor wire 133 is disposed inside the inner sleeve 
1 34. The inner sleeve 1 34 is designed to take most if not all of any tensile load 
applied to the lead body 92, and to electrically insulate the conductor wire 133 
25 from the conductor wires 120 arid the 126. 

The insulating sleeve 94 is designed to provide a .flexible protective 
shroud for the conductor wire 120 and the portion of the shock coil 126 
connected to the conductor wire 120. The segments 96 and 98 of the sleeve 94 
provide structurally robust physical connections between the connectors 102 and 
30 104 and the branch assembly 100. Accordingly, the insulating sleeve 94 is 
advantageously a flexible tubular structure composed of a biocompatible 
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material, such as silicone, polyurethane or the like. In an exemplary 
embodiment, the insulating sleeve 94 is composed of silicone. The inner sleeve 
134 and the tip sleeve 128 may be similarly composed. While flexibility is a 
desired characteristic for both the insulating sleeve 94 and the Inner sleeve 134, 
5 it is not necessarily a prerequisite for the tip sleeve 128. 

The tip electrode 130 may be fabricated from a variety of biocompatible 
conducting materials, such as iridium oxide coated titanium, MP35N alloy, 
stain/ess steel, pJatinum-iridium alloy consisting of approximately 90% platinum 
and 10% iridium, or some other biocompatible conducting metal, or a 
10 semiconductor material, such as silicon, or other semiconductor material. 

The detailed structure of the conductor wire 120 may be understood by 
referring now also to FIG, 9, which is a cross sectional view of one of the filars 
of the wire 120. The conductor wire 120 is a four-filar coiled wire, with each filar 
consisting of a conductor 135A individually coated with an insulating jacket 
15 135B. The conductor 135A may include a plurality of filaments 136 as shown or 
a single filament. The conductor 135 A may be composed of a variety of 
biocompatible conducting materials, such as MP35N alloy, stainless steel, 
titanium or like materials. In an exemplary embodiment, the conductor 1 35A is 
composed of drawrvbrazed strands ("DBS") or filaments 136 of stainless steel. 
20 The insulating coating 135B may be composed of a variety of biocompatible 
insulating materials, such as E7FE (fluoropolymer resin) or like materials. The 
skilled artisan will appreciate that another form of conductor wire may be used, 
such as, for example, a single filar insulated or uninsulated wire. 

The shock coil 126 is a three-filar coiled wire. The filars may be 
25 composed of a variety of biocompatible conducting materials, such as MP35N 
alloy, stainless steel, titanium or like materials. In an exemplary embodiment 
the filars are composed of iridium oxide coated titanium. Iridium oxide provides 
excellent resistance to corrosion caused by body fluids. As with the conductor 
wire 120, the skilled artisan will appreciate that the shock coil 126 may take on 
30 another form, such as. for example, a six filar wire. 
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Referring again to FIG. 8, the inner sleeve 134 provides the structural 
member necessary to take tensile loads applied to the lead body 92. 
Accordingly, the connection between the conductor wire 120 and the shock coil 
126 may be established without crimping or an assembly like the conventional 
5 crimp assembly 30 shown in FIG* 2. In this regard, the conductor wire 120 may 
be reliably secured to the shock coil 126 by intertwining at least one of the loops 
137 of the conductorwire 120 and at least one of the loops 138 of the shock coil 
128 as shown in FIG. 8. The intertwining of the loops 137 of the four-filar 
conductor wire 120 and the loops 138 of the tri-filar shock coil 126 is 
10 accomplished by plastically deforming a portion of the conductor wire 120 prior 
to assembly. The nominal or undeformed pitch P 0 between adjacent loops is 
shown in FIG. 8. The goal of the plastic deformation process is expand the pitch 
of at least adjacent loops, in this case the loops 137 and 139, from the 
undeformed pitch P 0 to the expanded pitch P v The expanded pitch P , enables 
15 the coil 138 of the shock coif 126 to, in essence, be screwed together with the 
loops 137 and 139 of the conductor wire 120 so that the loop 138 is positioned 
between the loops 137 and 139. 

The deformation of the conductorwire 120 to achieve the desired pitch 
P., of the sets of loops 137 and 139 may be accomplished using a coil spreader 
20 144, an exemplary embodiment of which is depicted in FIGS. 10 and 1 1 . FIG. 
10 is a side view of the coil spreader 144 and FIG. 1 1 is a sectional view of the 
coil spreader 144. The coil spreader 144 includes a mandrel 146 that is secured 
to a handle 148, The distal end 150 of the mandrel 146 is provided with a set 
of external threads or grooves 150 that are cut or otherwise formed in the 
25 mandrel 146 with a pitch direction, that is, left handed or right handed, that 
,.«4$atehes the pitch direction of the conductorwire 120. The grooves 150 are also 
formed with pitch P Tf and are helical and square. The width W R of each root is 
equal to the diameter of the filars multiplied by the number of filars in the coil. 
The width of each crest W c is equal to P T -V\k. The pitch P T is related to the 
30 ultimately desired pitch P, of loops of the conductor wire 120 according to the 
expression: 
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where X is the anticipated elastic recovery of the conductor wire 120 following 
removal from the mandrel 146. 

The distal end 149 of the mandrel 146 is provided with an outer diameter 
5 that is just slightly Jess than the inner diameter of the conductor wire 120 to 
enable the conductor wire 120 to be readily slipped over the distal end 149. The 
proximal end 152 of the mandrel 146 is positioned in a bore 154 in the handle 
14B and secured thereto by a set screw 156. A collar 158 is positioned over the 
mandrel via in internal bore 159 arid is provided with a set screw 160 that is 
10 designed to engage the conductor wire 120 as described below. 

The coif spreading operation may be understood by referring now to 
FIGS. 12 and 13, which are side views like FIG. 10 prior to and during the 
engagement of the threads 150 by the conductor wire 120. Referring initially to 
FIG. 12, the conductor wire 120 is slipped over the mandrel 146. At this point, 
15 the conductor wire 120 has a nominal pitch P 0 defined generally by the spacing 
between the first filar of loop and a point on the first filar the next adjacent loop 
of the coil. As noted above, the threads 150 are formed with a pitch P T and are 
helical and square so that the width of the root of each thread is W R and the 
width of each crest is P-rW R . Referring now to FIG. 13, the collar 158 is slipped 
20 over the threads 150 and the set screw 160 is tightened until it bottoms out on 
the mandrel 146. The colter 158 prevents the coils 137 and 139 from slipping 
out of the grooves 150 during advancement through the threads 150. The 
conductor wire 120 is advanced until the distal end of the conductor wire 120 
engages the threads 150. At this point, the conductor wire 120 is rotated, 
25 according to the pitch direction of the threads 150, in this case counterclockwise. 
As the conductor wire 120 is rotated, the adjacent loops 1 37 and 1 39 are spread 
apart by the threads 150 and plastically deformed to assume a new pitch. The 
conductor wire 120 may be rotated until the end thereof abuts the side of the set 
screw 160. To remove the wire 120 from the grooves 150, the collar 158 is 
30 rotated to unscrew the coils 1 37 and 139 from the threads 150. As the collar 158 
is rotated, the set screw 160 pushes against the end of the loop 137 to unscrew 
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the wire 120 from the mandrel 146. If necessary, the set screw 160 may be 
loosened slightly to enable free rotation of the collar 1 58. The plastic deformation 
of the loops 137 and 139 is almost instantaneous. Thus, the conductorwire 120 
may be spiraled off the mandrel 146 without delay. 
s The spreading of the loops 137 and 139 will not result in complete plastic 

deformation. Instead, the loops 137 and 139 will undergo some recovery of 
magnitude X upon removal from the mandrel 146. Accordingly, the threads 150 
are cut such that P T - X is approximately equal to the desired final pitch P, of the 
coils. 

io The assembly of the conductorwire 120 with the shock coii 126 following 

the coil spreading procedure may be understood by referring now to FIGS. 14 
and 1 5, which are, respectively, side views of the conductor wire 120 and the 
shock coil 126 during and after assembly. Referring initially to FIG, K the 
conductor wire 120 is slipped over the left end 162 of a mandrel 164 and the 

15 shock coil 126 is slipped over the right end 166 of the mandrel 164 and moved 
into contact with the conductor wire 120. The conductor wire 120 and shock coil 
126 are then intertwined by rotating either the conductor wire 120 or the shock 
coil 126 or both so that the loops 137 and 139 of the wire 120 and the loop 138 
of the shock coil 126 screw together as shown. The mandreM64 will be 

20 removed and replaced with the inner sleeve 134. This transition may be eased 
by first slipping the proximal end 172 of the Inner sleeve 134 over the distal end 
166 of the mandrel 164. Then, by pulling the mandrel in the direction of the 
arrows 173, the inner sleeve 1 34 will automatically slide inside the shock coil 126 
and the conductor wire 120. Note that the inner sleeve 1 34 is of such length that 

25 it is shown broken and that the outer diameter of the proximal end 172 thereof 
is shown exaggerated in size relative to the distal end 166 of the mandrel 164. 
FIG. 15 shows the inner sleeve 134 after being pulled inside the shock coil 126 
and the conductorwire 138. At this point the distal end 166 of the mandrel may 
be disconnected from the proximal end 172 of the inner sleeve 134. Electrical 

30 contact between the conductor wire 120 and the shock coil 126 takes place 
through physical contact of adjacent filars where the two coils are threaded 
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together. This contact may be enhanced by encasing this area in a conductive 
adhesive such as gold or silver impregnated epoxy, silicon or an elastomeric 
polymer 

The detailed structure of the branch assembly 100 may be understood by 
5 referring again to FIG. 7. The branch assembly 100 includes a branch body 174 
that is slipped over and glued around the segments 96 and 98 and the insulating 
sleeve 94 with a biocompatible medical grade adhesive. The branch body 174 
is designed to provide a biocompatible, electrically insulating and readily 
moldable junction structure. Accordingly, the branch body 174 may be 

io composed of a variety of biocompatible moldable insulating materials, such as 
silicone, poiyurethane, or the like. 

The wires 120 and 122 are connected to enable bipolar pacing. Pacing 
pulses generated by the cardiac stimulator 112 are transmitted to the tip 
electrode 130 (see FIGS. 6 and 8) via the connector pin 108 and the conductor 

15 wire 133. Return pulses from myocardial tissue during pacing are routed back 
to the cardiac stimulator 112 through the annular contact 110 (see FIG. 6). The 
pathway for return pulses from myocardial tissue back to the annular contact 110 
is through the shock coil 126, the conductor wire 120, and finally the conductor 
wire 122. The conductor wire 122 may take on a variety of configurations, such 

20 as single filar, mufti-filar or the like and may be composed of the same types of 
materials used to fabricate . the conductor wire 120. In an exemplary 
embodiment, the wire 122 is an uncoated, coiled three-filar wire composed of 
drawn brazed strands of stainless steel MP35N steel. 

The engagement between the conductor wire 122 and the conductor wire 

25 120 inside the branch body 174 is substantially identical to the configuration 
depicted in FIG. 8. The loops of the conductor wire 120 are spread as described 
above in conjunction with FIGS. 12 and 13 so that the loops of the tri-filar 
conductor wire 122 may be intertwined therewith at 176 and 178. The conductor 
wire 120 is unfurled proximal to the coil of the wire 122 at 176 and positioned in 

30 longitudinal alignment with the segment 96. The unfurling establishes arcuate 
sections 180 of the filare in the branch body 174 that are shown in phantom. 
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Electrical contact between the two conductor wires 120, 122 takes place through 
physical contact of adjacent filars where the two coiled wires are threaded 
together. This contact is also enhanced by encasing this area in a conductive 
matrix such as the silver-polymer matrix mentioned above. The branch 
s assembly is completed by gluing the branch body 174 around the segments 96, 
98 and the insulating sleeve 94, as described above. 

The lead body of the present invention incorporating intertwined 
conductor wires 120 and 126 spiraled around the flexible inner sleeve 134 (see 
FIG. 8) essentially eliminates rigid tubing through which the implanting physician 

io might otherwise have to traverse a stylet during implantation of a conventional 
lead. For the implanting physician, the flexibility of the entire length of the lead 
body 92 means that the lead body 92 will more easily conform to the curvature 
of the stylet The result is less resistance to passage of the stylet, less potential 
for buckling of the stylet, and a better tactile response for the physician: 

1 5 The foregoing illustrated embodiments included the union of a shock coil 

126 and a conductor wire 120 (see FIGS. 6, 7 and 8). However, the skilled 
artisan will appreciate the combination of the inner sleeve 134 and the 
intertwining of coils may be used to join a myriad of different types of conductor 
wires, either in a branched lead as shown, or in a lead incorporating a single 

20 insulating lead sleeve. The loops of one of the wires may be spread as shown 
or the loops of both may be spread prior to intertwining as desired. 

While the invention may be susceptible to various modifications and 
alternative forms, specific embodiments have been shown by way of example 
in the drawings and have been described in detail herein. However, tt should be 

25 understood that the tnvention Is riot intended to be limited to the particular forms 
disclosed. Rather, the invention Is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the invention as defined by the 
following appended claims. 
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CLAIMS 

What is claimed is: 

1. A cardiac lead, comprising: 

a connector for coupling to a cardiac stimulator; 
a first flexible insulating sleeve coupled to the connector; 
a second flexible insulating sleeve coupled to the connector and 
5 having a portion positioned inside the first flexible insulating 

sleeve; 

a first conductor wire having a coiled portion with at least a first loop 
and a second loop, the first and second loops being positioned 
between the portion of the second flexible insulating sleeve and 

io the first insulating sleeve; and 

a second conductor wire having a coiled portion with at least a third 
loop, the third loop being positioned between the portion of the 
second flexible insulating sleeve and the first insulating sleeve, 
the first and second conductor wires being spiraled together so 

15 that the third loop is positioned between the first and second 

loop and forming an electrical contact between said first and 
second conductors. 

2. The cardiac lead of claim 1 , wherein the first conductor wire comprises 

a conductor coated with an insulating jacket , 

3. The cardiac lead of claim 2, wherein the conductor comprises a 
plurality of conducting filaments. 

4. The cardiac lead of claim 1, wherein the second insulating sleeve has 
a second portion positioned outside said first insulating sleeve and the 
second conductor wire has a plurality of loops positioned adjacent said 
second portion of said second insulating sleeve. 
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5. The cardiac lead of claim 4, wherein the plurality of loops are coated 
with iridium oxide. 

6. The cardiac lead of claim 4, wherein the second conductor wire has 
threefilars, 

7. The cardiac lead of claim 1 f wherein the first and second insulating 
sleeves are composed of silicone. 

8. The cardiac lead of claim 1 wherein said first second and third loops 
are further electrically connected by an electrically conductive 
adhesive. 

9. A cardiac lead, comprising; 

a first connector and a second connector coupled to a branch 
assembly; 

a first flexible insulating sleeve coupled to the branch assembly; 
5 a second flexible insulating sleeve coupled to the branch assembly and 

having a portion positioned inside the first flexible insulating 
sleeve; 

a first conductor wire having a coiled portion with at least a first loop 
and a second loop, the first and second loops being positioned 
10 around the second flexible insulating sleeve within the branch 

assembly; and 

a second conductor wire having a coiled portion with at least a third 
loop, the first and second conductor wires being spiraled 
together so that the third loop is positioned between the first and 
15 second loops. 

10. The cardiac lead of claim 9/wherein the branch assembly comprises 
molded silicone. 
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11. The cardiac lead of claim 9, wherein the first conductor wire comprises 
a conductor coated with an insulating jacket 

12. The cardiac lead of claim 11 , wherein the conductor comprises a 
plurality of conducting filaments. 

13. The cardiac lead of claim 9 wherein first second and third loops are 
further electrically connected by an electrically conductive adhesive. 
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(57) Abstract 

A cardiac lead is provided that Includes a connector for coupling to a cardiac stimulator and a first flexible insulating sleeve coupled to 
the connector. A second flexible insulating sleeve is coupled to the connector and has a portion positioned inside the first flexible insulating 
sleeve. A first conductor wire is provided that has at least a first loop and a second loop. The first and second loops are positioned between 
the portion of the second flexible insulating sleeve and the first insulating sleeve. A second conductor wire is provided that has a third 
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CARDIAC LEAD WITH ETFE COATED DBS COIL 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to cardiac stimulator leads, and more 
particularly to a cardiac stimulator lead having an Improved structure for joining 

5 the ends of two conductor wires. 
Description of the Related Art 

Conventional cardiac stimulator systems consist of a cardiac stimulator 
and an elongated flexible cardiac lead that is connected proximally to a header 
structure on the cardiac stimulator and is implanted distally at one or more sites 

io within the heart requiring cardiac stimulation or sensing. The cardiac stimulator 
is normally a pacemaker, a cardioverter/defibrillator, a sensing instrument, or 
some combination of these devices. At the time of implantation, the distal 
end of a cardiac lead is inserted through an incision in the chest and 
manipulated by the physician to the site requiring electrical stimulation with the 

]5 aid of a flexible stylet that Is removed prior to closure. At the site requiring 
electrical stimulation, the distal end of the lead is anchored to the endocardium 
by an active mechanism, such as a screw-in electrode tip, or alternatively, by a 
passive mechanism, such as one or more radially spaced tines that engage the 
endocardium. The proximal end of the lead Is then connected to the cardiac 

20 stimulator and the incision is closed. The implantation route and site are usually 
imaged in real time by fluoroscopy to confirm proper manipulation and placement 
of the lead. 

A conventional cardiac stimulator lead normally consists of an elongated, 
flexible, tubular, electrically insulating sleeve that is connected proximally to a 
25 connector that Is adapted to couple to the header of a cardiac stimulator. In 
pacing leads, the distal end of the insulating sleeve is joined with a tip electrode. 
In defibrillator leads, a defibrillator or shock coil commonly projects from the 
distal end of the insulating sleeve. The shock coil consists of an uninsulated 
coiled wire wound with a large number of coils. The plurality of colls distribute 
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defibrillation pulses over a much larger surface area of the myocardium than a 
pacing electrode. 

In some conventional defibrillator lead designs, the electrical pathway 
between the lead connector and the shock coil is provided by a separate 
5 conductor wire that is coupled proximally to the connector and secured distally 
to a crimp assembly. The conventional crimp assembly consists of an inner 
tubular sleeve over which respective ends of the shock coil and the other 
conductor wire are positioned and crimped into position by respective outer 
crimp sleeves. The inner sleeve and the outer sleeves are normally made of 

10 titanium or other relatively rigid biocompatible conducting materials. The inner 
tubular sleeve is of such length that the ends of the shock coil and the other wire 
are usually not intertwined- The conducting nature of the inner sleeve is relied 
upon to pass current between the two wires. 

A conventional crimp assembly can significantly hamper the movement 

15 of a stylet used to spatially manipulate the lead during implantation- For most 
implantation procedures, the physician inserts a stylet into the lead connector 
and advances it to the distal tip of the lead. The physician then manipulates the 
stylet to accurately position the distal end of the lead proximate the endocardial 
site requiring electrical stimulation. The distal end of the stylet must be inserted 

20 through the crimp assembly in order to reach the tip of the lead. This step may 
not be problematic where the stylet is not bent significantly prior to insertion, as 
is often the case where the implantation involves a relatively straight pathway 
through the heart. Fixation to the right ventricular apex is an example of such 
a relatively straight pathway. 

25 Where the implantation requires the pathway of the lead tip to be 

deviated, the situation may become more difficult for the physician. For 
example, fixation to the superior interventricular septum or access to the great 
cardiac vein via the coronary sinus require the lead tip to be turned abruptly after 
entry into the heart This is frequently accomplished by introducing a severe 

30 bend in the distal end of the lead, usually after the lead is initially positioned 
inside the heart Initially, a straight stylet is used to move the lead into the right 
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atrium. Then the straight stylet is removed and a highly curved stylet is inserted 
and advanced to the distal end of the lead. The stylet is usually curved by the 
physician by hand based on the physician's experience and knowledge of the 
patient's particular anatomy. The radius of curvature of the bend may be quite 
5 small. 

The initial movement of the highly curved portion of the stylet through the 
lead may be unremarkable since the majority of the lead is quite flexible. As the 
curved portion is advanced, the lead is able to temporarily conform to the 
curvature of the stylet. In contrast to the insulating sleeve, the crimp assembly 

io is quite rigid and cannot conform to the curvature of the stylet. As a result, the 
physician may encounter significant resistance to further axial movement when 
~~ the highly curved portion of the stylet encounters the inner sleeve. This 

undesirable tactile response is more than just a nuisance. The natural tendency 
of the physician at this point is to apply additional thrust to the proximal end of 

15 the stylet to force the curved portion through the inner sleeve. Because the 
stylet is highly curved and thrust is being applied at the opposite end thereof, the 
stylet will tend to behave, like an.unstabje. column under compression loading. 
If the rubbing of the inner sleeve is great enough, axial thrust applied by the 
physician will cause the stylet to buckle and plastically deform at one or more 

20 points along its length. With one or more unintended bends in the stylet, the 
movement of the lead in response to manipulation of the stylet may be- 
unpredictable and the complexity of the implantation procedure Increased. 

The present invention is directed to overcoming or reducing the effects of 
one or more of the foregoing disadvantages. 

25 SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, a cardiac lead is 
provided that includes a connector for coupling to a cardiac stimulator and a first 
flexible insulating sleeve coupled to the connector. A second flexible insulating 
sleeve is coupled to the connector and has a portion positioned inside the first 

30 flexible insulating sleeve. A first coiled conductor wire is provided that has at 
least a first loop and a second loop. The first and second loops are positioned 
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between the second flexible insulating sleeve and the first insulating sleeve. A 
second conductor wire is provided that has at least a third loop. The third loop 
is positioned between the second flexible insulating sleeve and the first 
insulating sleeve. The first and second conductor wires are spiraled together so 
5 that the third loop is positioned between the first and second loops. 

In accordance with another aspect of the present invention, a cardiac lead 
is provided that includes a first connector and a second connector coupled to a 
branch assembly. A first flexible insulating sleeve is coupled to the branch 
assembly. A second flexible Insulating sleeve is coupled to the branch assembly 
io and has a portion positioned inside the first flexible insulating sleeve. A first 
coiled conductor wire is provided that has at least a first loop and a second loop. 
The first and second loops are positioned around the second flexible insulating ( 
sleeve within the branch assembly. A second conductor wire is provided that 
has a third loop. The first and second conductor wires are spiraled together so 
15 that the third loop is positioned between the first and second loops. t 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other advantages of the invention will become 
apparent upon reading the following detailed description and upon reference to 
the drawings in which: 
20 no. 1 is a pictorial view of a conventional cardiac stimulator lead; 

FIG. 2 is a cross-sectional view of FIG. 1 taken at section 2-2; 
FIG. 3 is a cross-sectional view of FIG. 1 taken at section 3-3; 
FIG. 4 is a quarter-sectional anterior view of a human heart depicting a 
typical implantation of the lead shown in FIGS. 1-3; 
25 FIG. 5 is a side view of the proximal end of the lead of FIG. 1 depicting 

insertion of a curved stylet; 

FIG. 6 is pictorial view of an exemplary embodiment of a cardiac lead and a 
cardiac stimulator in accordance with the present invention; 

FIG. 7 is a cross-sectional view of FIG. 6 taken at section 7-7 in 
30 accordance with the present invention; 
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FIG. 8 is a cross-sectional view of FIG. 6 taken at section 8-8 in 
accordance with the present invention; 

FIG. 9 is a cross-sectional view of one of the filare of a conductor wire of 
the lead shown in FIGS. 6 and 7 in accordance with the present invention; 
5 FIG. 10 is a side view of an exemplary embodiment of a wire coil spreader 

in accordance with the present invention; 

FIG. 1 1 is a cross-sectional view of the coil spreader shown in FIG. 1 0 in 
accordance with the present invention; 

FIG. 12 is a side view like FIG. 10 showing a conductor wire positioned 
io thereon prior to coil spreading in accordance with the present invention; and 
FIG. 13 is a view like FIG. 12 depicting the wire after coil spreading in 
~~ accordance with the present invention; and 

FfGS. 14 and 15 are side views of two conductor wires of the lead of FIG. 
6 depicting the process of intertwining of the two wires. 



15 



20 



25 



30 



DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Fa r Jt(irnund Art 

Turning now to the drawings, and in particular to FIGS. 1 and 2 there is 
shown an exemplary conventional pacing/defibrillator lead 10 (hereinafter "lead 
10"). The lead 10 is provided with a flexible tubular Insulating sleeve 12 that 
divides proximally into segments 14 and 16 at a branch 18. The segment 14 
terminates proximally in a connector 20 and the segment 16 terminates 
proximally in another connector 22. The connectors 20 and 22 are designed to 
be inserted into a cardiac pacemaker can (not shown). The connector 20 
terminates proximally in a pin 24. The pin 24 Is connected to a conductor wire 
positioned inside the segment 14 and the lead sleeve 12 as described more fully 
below. A set of O-rings 25 is molded to the exterior of the connector 20 to retard 
the intmsion of body fluids into the pacemaker can. The connector 22 similarly 
terminates in a connector pin 26. However, the pin 26 is hollow to enable 
insertion of a stylet inside the lead 10 during implantation. The connector pin 26 
is connected to a conductor wire that is positioned in the segment and stretches 
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to the branch 1 8 as described more fully below. An annular contact 27 is fitted 
to the connector 22. Pairs of O-rings 28 and 29 are molded to the exterior of the 
connector 22 to provide a seal against body fluids entering the pacemaker. 

The distal end of the insulating sleeve 12 encloses a crimp assembly 30. 

5 A defibrillator or shock coll 31 projects distally from the crimp assembly 30, 
terminating inside a tip sleeve 32. A tip electrode 34 projects slightly from the 
tip sleeve 32 and is provided with a corkscrew 35 for securing the lead 10 to 
myocardial tissue. The tip electrode 34 is connected to a conductor wire 36 that 
extends through the length of the lead 1 0, terminating at and connecting with the 

, 0 pin 26. The conductor wire 36 Is jacketed by an insulating sleeve 37 that is 
secured distally to tip electrode 34 by a biocompatible medical grade adhesive 
and proximally over the connector pin 26 in a like manner. A suture sleeve 38 

is -slipped over the sleeve 1 2. 

The detailed structure of the crimp assembly 30 may be understood by 
l5 referring now to FIG. 2, which is a cross-sectional view of FIG. 1 taken at section 
2-2 The crimp assembly 30 Includes an inner crimp sleeve 39 that Is positioned 
inside the insulating sleeve 12. Two outer crimp sleeves 40 and 42 are crimped 
around the inner crimp sleeve 39. The outer crimp sleeve 40 secures the d,stal 
end of a conductor wire 44 to the inner crimp sleeve 39. Similarly, the outer 
20 crimp sleeve 42 secures the proximal end of the shock coil 31 to the inner crimp 
sleeve 39. The inner crimp sleeve 39 is typically composed of a conducting 
material, such as titanium, that establishes an electrical pathway between the 
distal end of the conducting wire 44 and the proximal end of the shock coil 31. 
Another conductor wire 36 passes through the inner crimp sleeve 39 and Is 
M connected proximally to the connector pin 26 of the connector 22 shown in FIG. 
1 and distally to the tip electrode 34 shown In FIG. 1. The shock col! 31 .s 
disposed around a shock coil sleeve 48. One end 49 of the shock coil sleeve 48 
is slipped over the distal end of the inner crimp sleeve 39. The other end .s 
secured to the proximal end of the tip electrode 34 shown In FIG. 1 . 
30 The insulating sleeve 12 is slipped around the exterior of the inner crimp 

slseve 39 and of the outer crimp sleeves 40 and 42, and secured with medical 
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adhesive. The small gap between the inner diameter of the Insulating sleeve 12 
and the outer diameter of the shock coil sleeve 48 Is sealed with a biocompatible 
adhesive 50. The conductor wire 44 is individually insulated, save the portion 
thereof positioned between the outer crimp sleeve 40 and the inner crimp sleeve 
5 39 so that electrical isolation is maintained between the conductor wire 44 and 
the conductor wire 36 throughout the length of the insulating sleeve 12. 

The detailed structure of the branch 1 8 may be understood by referring 
now to FIG. 3, which is a cross sectional view of FIG. 1 taken at section 3-3. 
The branch 18 includes a branch body 52 that is slipped over and glued around 
,o the segment 14, the segment 16 and the insulating sleeve 12 as shown. A crimp 
assembly 54 is positioned inside the branch body 52 and is structuraily identical 
to the crimp assembly 30 depicted in FIG. 2. Accordingly, the crimp assembly 
54 includes outer crimp sleeves 56 and 58 positioned around an inner cnmp 
sleeve 60. The conductor wire 44 is crimped to the inner crimp sleeve 56 by the 
I5 outer crimp sleeve 58. Proximal to the outer crimpsleeve 58, the conductor wire 
- 44 is uncoiled and routed through the branch body 52 and into the segment 14. 
The uncoiled filers 62 of the conductor wire 40 are shown in phantom. The d«stal 
end of a conductor wire 64 is crimped to the inner crimp sleeve 60 by the outer 
crimp sleeve 56. The conductor wire 64 is connected proximally to the annular 
20 electrode 27 of the conned 22 shown in FIG. 1 . Note that the conductor wire 
64 and the conductor wire 44 are electrically connected via the conducting inner 
crimp sleeve 60. The conductor wire 36 passes through the branch body 52 and 
the inner crimp sleeve 60 and into a tubular sleeve 66 that is positioned inside 
the segment 16 and extends proximaily past the proximal end of the annular 

25 electrode 27. 

An illustrative implantation of the lead 10 may be understood by referring 
now to FIGS. 4 and 5. FIG. 4 is a quarter-sectional anterior view of a human 
heart 68. The lead sleeve 12 is introduced into the superior cava 70, and 
advanced through the right atrium 72 into the right ventricle 74 via the tricuspid 

30 va.ve 76. The corkscrew 35 of the lead 10 Is secured superiorly to the 
interventricular septum 78 and a sufficient portion of the lead sleeve 12 . 



-7- 



PAGE 97/136 * RCVD AT 1 1/28/2005 12:52:24 PM [Eastern Standard Time] * SVR:USPT0* FXRF-W27 ' DNIS:273830Q * CSIDH-1 212 319 5101 * DURATION (mm-ss):31-24 



NOV. 28. 2005 1:17PM +1-212-319-5101 customer 01933 NO. 3443 P. 98 

PCT/US99/26599 



25 



WO 00/27471 



advanced into the right ventricle 74 so that the shock coil 31 is brought Into 
physical engagement with the interventricular septum 78. In order to establish 
the requisite engagement with the superior interventricular septum 78, a 
significant bend 80 must be introduced into the lead 10. Bends in the lead 10, 
such as the bend 80. are common in implantation procedures involving deviated 
pathways, such as the pathway depicted in FIG. 4, as well as pathways leading 
to fixation to the right hand side of the right atrium 68 or pathways involving entry 
into the coronary sinus 82. 

The lead 1 0 is spatially manipulated by means of a flexible stylet 84 that 
is inserted into the connector pin 26 of the connector 22 and advanced inside the 
lead 10 to the tip assembly 32. The stylet 84 is of such length that H is shown 
broken. A small cylindrical handle 85 is fitted to the stylet 84 to aid the physician 
in applying thrust to the stylet 84. particularly when a majority of the length of the 
stylet 84 is already inserted into the lead 10. In order to establish the tight bend 
80 in the lead 10, the distal end 86 of the stylet 84 is plastically deformed by 
hand into a highly curved shape prior to insertion into the pin 26 as shown in 
FIG. 5. The bending action establishes a relatively small radius of the curvature 
rforthe distal end 86. 

The tight bend of the distal end 86 combined with the internal structure of 
the lead 1 0 can create difficulties for the physician at the time of implantation. 
Referring again to FIGS. 2 and 3, as the distal end 86 of the stylet 84 is 
advanced through the connector 22, the segment 16. and into the branch 
assembly 18. the generally tubular structure of the connector 22 and the inner 
sleeve 66 will tend to temporarily and partially straighten the distal end 86, 
However, the distal end 86 will retain a significant curved portion 88 as shown 
in FIG. 3. As this highly curved portion 88 passes through the inner crimp sleeve 
60, significant rubbing and frictional resistance to longitudinal movement will 
result Since the inner crimp sleeve 60 is composed of a relatively rigid material, 
it cannot temporarily deform to more easily permit the curved portion 8B to pass 
30 therethrough. 
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The resistance to longitudinal movement of the distal end 86 of the stylet 
84 through the crimp assembly 54 is normally overcome by applying additional 
thrust to the portion of the stylet 84 projecting from the connector pin 26 without 
undue effort However, the passage of the distal end 86 through the crimp 
5 assembly 3Q is more problematic. As shown in FIG. 2, as the curved portion 88 
of the distal end 86 passes through the crimp assembly 30, the aforementioned 
rubbing action occurs. The resistance to longitudinal movement of the stylet 84 
is now compounded by friction between the stylet 84 and the internal structures 
of the sleeve 10 proximal to the crimp assembly 30. At this point, the stylet 64 
10 behaves much like an unstable column under compressive load. As thiust is 
applied to the handle 85 of the stylet 84, and transmitted through the entire 
length of the extremely thin stylet 84. the stylet 84 will have a tendency to buckle 
and permanently deform at one or more places between the handle 85 and the 
highly curved portion 88. These new bends in the stylet 84 can make the 
,3 behavior of the stylet 84 and the movement of the lead 10 thereby somewhat 
unpredictable for the physician. 
Preferred E mbodiment 

An exemplary embodiment of a cardiac stimulator lead 90 in accordance 
with the present invention may be understood by referring now to FIGS. 6, 7 and 
2 o 8 This invention eliminates the need for crimp sleeves, described above, 
thereby improving the flexibility of the lead and the ease of inserting a stylet 
FIGS 7 and 8 are sectional views of FIG. 6 taken, respectively, at sections 7-7 
and 8-8 For clarity of illustration, certain components of the lead 90 are shown 
in full in FIG. 8. The cardiac stimulator lead 90 includes a lead body 92 that has 
2S a tubular insulating sleeve 94 which bifurcates proximally into two segments 96 
and 98 at a branch assembly 100. The length of the lead body 92 is such that 
it is shown broken. A suture sleeve 101 Is slipped over and used to secure the 
toad body 92 at a preselected point in the patient's body. The segment 96 
terminates in a connector 102 and the segment 98 terminates in a connector 
30 104. The connector 102 is provided with a connector pin 106 and the connector 
104 is provided with a connector pin 108 and an annular contact 110. The 
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connectors 102 and 104 are designed to be connected to a cardiac stimulator 
1 12, which consists of a can 114 and a header assembly 116 coupled to the can 
114. The header assembly 116 includes ports 118 and 119 into which the 
connectors 102 and 104 are inserted respectively. The connectors 102 and 104 
5 are shown highly exaggerated in size relative to the remainder of the lead 90 for 
clarity of illustration. The cardiac stimulator 112 may be a pacemaker, a 
cardioverter/defibrillator, a .sensing instrument, or a combination of these 
functionalities. 

The pin 106 is connected via by crimping, welding or the like to a 

,, conductor wire 120 that passes through the segment 96 and the branch 
assembly 100 and extends into the lead sleeve 94 as described more fully 
below. The conductor wire 120 is preferably coiled and comprises a plurality of 
adjacent loops. The conductor 120 may be comprised of one or more filars. 
each filar lying adjacent the others. A set of O-rings 121 is molded to the 

15 exterior of the connector 102to retard the intrusion of body fluids into the card.ac 
stimulator header 1 16. The pin 1 08 is hollow to enable insertion of a stylet ins.de 
the lead 90 during implantation. The connector pin 108 is connected via by 
crimping, welding or the like to a conductor wire 122 that passes through the 
segment 98 and terminates in the branch assembly 100 as described more fully 

M . below. The conductor wire 122 is preferably coiled and comprises a pluralrty of 
adjacent loops. The conductor may be comprised of one or more filars, each 
filar tying adjacent the others. Pairs of O-rings 123 and 124 are molded to the 
exterior of the connector 104 to retard body fluid intrusion. The exterior of the 
connectors 102 and 104 may be composed of a biocompatible electrically 

a insulating material, such as silicone, polyurethane or the like, and the pms 1 06 
and 1 08 may be fabricated from stainless steel, titanium or the uke. 

The detailed structure of the lead body 92 may be understood by refemng 
to FIG. 8. For clarity of illustration only the insulating sleeve 94 is actually shown 
in section in FIG. 8 while the remaining the components are shown in full. A 
3a defibrillator or shock coil 126 projects distal* ^ the distal end 127 of the 
insulating sleeve 94, terminating Inside a tip sleeve 128. The proximal end of the 
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shock coil 126 is intertwined proximaliy with the distal end of the conductor wire 
120 at the region designated 129. The conductor wire 120 is connected 
proximaliy to the connector pin 1 06 shown in FIG. 6 by crimping, welding or the 
like. The shock coil 126 delivers detlbrillating pulses from the cardiac stimulator 

5 112 to myocardial tissue. A tip electrode 1 30 projects slightly from the tip sleeve 
128andisprovidedwithacorkscrew132. The corkscrew 132 is used to secure 
the tip electrode 130 to myocardial tissue, and may be augmented and/or 
substituted with one or more radially spaced tines or other type of fixation 
mechanism. The tip electrode 130 supplies pacing pulses from the cardiac 

io stimulator 112 to myocardial tissue and transmits sensing signals from 
myocardial tissue back to the cardiac stimulator 112. An electrical pathway 
• between the tip electrode 130 and the connector pin 108 is established by a 

conductor wire 133 that is connected distally to the tip electrode 130 by 
biocompatible medical grade adhesive, crimping, welding or the like, and 
l5 extends through the length of the lead 90, terminating at and connecting to the 

pin 108 by like methods. 

Both the conductor wire 120 and the shock coil 1 26 are positioned around 
an inner sleeve 1 34 that is coupled distally to the tip electrode 1 30 inside the tip 
sleeve 1 28 by biocompatible medical grade adhesive, crimping or like methods, 
20 and proximaliy to the connector 104 shown in FIG. 6 by like methods. Note that 
a portion of the Innarsleeve 134 h cut away to reveal the conductor wife 133 
positioned therein. The conductor wire 133 is disposed inside the inner sleeve 
134 The inner sleeve 1341s designed to take most if not all of any tensile load 
applied to the lead body 92, and to electrically Insulate the conductor wire 133 
25 from the conductor wires 120 and the 126. 

The insulating sleeve 94 Is designed to provide a .flexible protective 
shroud for the conductor wire 120 and the portion of the shock coil 126 
connected to the conductor wire 120. The segments 96 and 98 of the sleeve 94 
provide structurally robust physical connections between the connectors 102 and 
104 and the branch assembly 100. Accordingly, the insulating sleeve 94 is 
advantageously a flexible tubular structure composed of a biocompatible 
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material, such as silicone, polyurethane or the like. In an exemplary 
embodiment, the insulating sleeve 94 Is composed of silicone. The inner sleeve 
134 and the tip sleeve 128 may be similarly composed. While flexibility is a 
desired characteristic for both the insulating sleeve 94 and the inner sleeve 134. 
5 it is not necessarily a prerequisite for the tip sleeve 128. 

The tip electrode 130 may be fabricated from a variety of biocompatible 
conducting materials, such as iridium oxide coated titanium. MP35N alloy, 
stainless steel, platinum-indium alloy consisting of approximately 90% platinum 
and 10% iridium, or some other biocompatible conducting metal, or a 
semiconductor material, such as silicon, or other semiconductor material. 

The detailed structure of the conductor wire 120 may be understood by 
referring now also to FIG. 9. which is a cross sectional view of one of the filars 
of the wire 120. The conductor wire 120 is a four-filar coiled wire, with each filar 
consisting of a conductor 135A individually coated with an insulating jacket 
135B. The conductor 135A may include a plurality of filaments 136 as shown or 
a single filament. The conductor 135A may be composed of a variety of 
biocompatible conducting materials, such as MP35N alloy, stainless steel, 
titanium or like materials. In an exemplary embodiment, the conductor 135A is 
composed of drawn-brazed strands ("DBS") or filaments"! 36 of stainless steel. 
The Insulating coating 135B may be composed of a variety of biocompatible 
insulating materials, such as ETFE (fluoropolymer resin) or like materials. The 
skilled artisan win appreciate that another form of conductor wire may be used, 
such as. for example, a single filar insulated or uninsulated wire. 

The shock coil 126 is a three-filar coiled wire. Tne filars may be 
composed of a variety of biocompatible conducting materials, such as MP35N 
alloy, stainless steel, titanium or like materials. In an exemplary embodiment, 
the filars are composed of iridium oxide coated titanium. Iridium oxide provides 
excellent resistance to corrosion caused by body fluids. As with the conductor 
wire 120. the skilled artisan win appreciate that the shock coil 126 may take on 
30 another form, such as. for example, a six filar wire. 



is 



20 



25 



-12- 



PAGE 1021136 ■ RCVD AT 11128/2005 12:52:24 PM [Eastern Standard Time] » SVR:USPTO-EFXRF-6/27 ' DNIS:2738300 ' CSID:+1 212 319 5101 ' DURATION (mm-ss}:31-24 



NOV. 28. 2005 1:19PM +1-212-319-5101 customer 01933 NO. 3443 P. 103 

PCTAJS99/26S99 

WO 00/27471 

Referring again to FIG. 8, the inner sleeve 134 provides the structural 
member necessary to take tensile loads applied to the lead body 92. 
Accordingly, the connection belween the conductor wire 120 and the shock coil 
1 26 may be established without crimping or an assembly like the conventional 

5 crimp assembly 30 shown in FIG. 2. In this regard, the conductor wire 120 may 
be reliably secured to the shock con 126 by intertwining at least one of the loops 
137 of the conductor wire 120 and at least one of the loops 138 of the shock coil 
126 as shown in FIG. 8. The intertwining of the loops 137 of the four-filar 
conductor wire 120 and the loops 138 of the tri-filar shock coil 126 Is 

J0 accomplished by plastically deforming a portion of the conductor wire 120 prior 
to assembly. The nominal or undeformed pitch P„ between adjacent loops is 
shown in FIG. 8. The goal of the plastic deformation process is expand the pitch 
of at least adjacent loops, in this case the loops 137 and 139, from the 
undeformed pitch P e to the expanded pitch P. The expanded pitch P , enables 

u the coll 1 38 of the shock coil 126 to. in essence, be screwed together with the 
loops 137 and 139 of the conductor wire 120 so that the loop 138 is positioned 

between the loops 1 37 and 1 39. 

The deformation of the conductor wire 120 to achieve the desired pitch 
P of the sets of loops 137 and 139 may be accomplished using a coil spreader 
20 144. an exemplary embodiment of which is depicted in FIGS. 10 and 11. FIG. 
10 is a side view of the coil spreader 144 and FIG. 11 is a sectional view of the 
con spreader 144. The coil spreader 144 includes a mandrel 146 that Is secured 
to a handle 148. The distal end 150 of the mandrel 146 is provided with a set 
of external threads or grooves 150 that are cut or otherwise formed in the 
v mandrel 146 with a pitch direction, that is, left handed or right handed, that 
matches the pitch direction of the conductor wire 120. The grooves 150 are also 
formed with pitch P T . and are helical and square. The width W R of each root is 
equal to the diameter of the flam multiplied by the number of flam in the coil. 
The width of each crest W c is equal to P T -\Afc. The pitch P T is related to the 
30 ultimately desired pitch P, of loops of the conductor wire 120 according to the 
expression: 
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Pr-X = P, 

where X is the anticipated elastic recovery of the conductor wire 120 following 
removal from the mandrel 146. 

The distal end 149 of the mandrel 146 is provided with an outer diameter 

5 that is just slightly less than the inner diameter of the conductor wire 120 to 
enable the conductor wire 120 to be readily slipped over the distal end 149. The 
proximal end 152 of the mandrel 146 is positioned in a bore 154 in the handle 
148 and secured thereto by a set screw 156. A collar 158 is positioned overthe 
mandrel via in internal bore 159 and is provided with a set screw 160 that is 

io designed to engage the conductor wire 1 20 as described below. 

The coil spreading operation may be understood by referring now to 
FIGS. 12 and 13, which are side views like FIG. 10 prior to and during the 
engagement of the threads 1 50 by the conductor wire 120. Referring initially to 
FIG. 12, the conductor wire 120 is slipped overthe mandrel 146. At this point, 

is the conductor wire 120 has a nominal pitch P 0 defined generally by the spacing 
between the first filar of loop and a point on the first filar the next adjacent loop 
of the coP. As noted above, the threads 150 are formed with a pitch P T and are 
helical and square so that the width of the root of each thread is W R and the 
width of each crest is Pr-W R . Referring now to FIG. 13, the collar 158 is slipped 

20 over the threads 1 50 and the set screw 160 is tightened until it bottoms out on 
the mandrel 146. The coIlaY 158 prevents the coils 137 and 139 from slipping 
out of the grooves 150 during advancement through the threads 150. The 
conductor wire 120 is advanced until the distal end of the conductor wire 120 
engages the threads 150. At this point, the conductor wire 120 is rotated, 

25 according to the pitch direction of the threads 150, m this case counterclockwise. 
As the conductor wire 120 Is rotated, the adjacent loops 137 and 139 are spread 
apart by the threads 1 50 and plastically deformed to assume a new pitch. The 
conductor wire 120 may be rotated until the end thereof abuts the side of the set 
screw 160. To remove the wire 120 from the grooves 150, the collar 158 is 

so rotated to unscrew the coils 137 and 139 from the threads 150. As the collar 158 
is rotated, the set screw 160 pushes against the end of the loop 137 to unscrew 
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the wire 120 from the mandrel 146. If necessary, the set screw 160 may be 
loosened slightly to enable free rotation of the collar 158. The plastic deformation 
of the loops 137 and 139 is almost instantaneous. Thus, the conductor wire 120 
may be spiraled off the mandrel 146 without delay. 
5 The spreading of the loops 1 37 and 1 39 will not result in complete plastic 

deformation. Instead, the loops 137 and 139 will undergo some recovery of 
magnitude X upon removal from the mandrel 146. Accordingly, the threads 150 
are cut such that P T - X is approximately equal to the desired final pitch of the 
coils. 

io The assembly of the conductorwire 120 with the shock coil 126 following 

the coil spreading procedure may be understood by referring now to FIGS. 14 
and 1 5 T which are, respectively, side views of the conductor wire 1 20 and the 
shock coil 126 during and after assembly. Referring initially to FIG. 14, the 
conductor wire 120 is slipped over the left end 162 of a mandrel 164 and the 
shock coil 126 is slipped over the right end 166 of the mandrel 164 and moved 
into contact with the conductorwire 120. The conductorwire 120 and shock coil 
126 are then intertwined by rotating either the conductor wire 120 or the shock 
coil 1 26 or both so that the loops 1 37 and 1 39 of the wire 120 and the loop 1 38 
of the shock coil 126 screw together as shown. The mandrel 164 will be 
removed and replaced with the inner sleeve 134. This transition may be eased 
by first slipping the proximal end 172 of the inner sleeve 134 over the distal end 
166 of the mandrel 164. Then, by pulling the mandrel in the direction of the 
arrows 173, the inner sleeve 134 will automatically slide inside the shock con 126 
and the conductorwire 120. Note that the inner sleeve 134 is of such length that 
it is shown broken and thatthe outer diameter of the proximal end 172 thereof 
is shown exaggerated in size relative to the distal end 166 of the mandrel 164. 
FIG. 1.5 shows the Inner sleeve 134 after being pulled inside the shock coil 126 
and the conductorwire 136. At this point the distal end 166 of the mandrel may 
be disconnected from the proximal end 172 of the inner sleeve 134. Electrical 
contact between the conductor wire 120 and the shock coil 126 takes place 
through physical contact of adjacent Wars where the two coils are threaded 
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together. This contact may be enhanced by encasing this area in a conductive 
adhesive such as gold or silver impregnated epoxy, silicon or an elastomeric 
polymer. 

The detailed structure of the branch assembly 100 may be understood by 

5 referring again to FIG. 7. The branch assembly 1 00 includes a branch body 174 
that Is slipped over and glued around the segments 96 and 98 and the insulating 
sleeve 94 with a biocompatible medical grade adhesive. The branch body 174 
is designed to provide a biocompatible, electrically insulating and readily 
moldable junction structure. Accordingly, the branch body 174 may be 

10 composed of a variety of biocompatible moldable insulating materials, such as 
silicone, polyurethane, or the like. 

The wires 120 and 122 are connected to enable bipolar pacing. Pacing 
pulses generated by the cardiac stimulator 112 are transmitted to the tip 
electrode 130 (see FIGS. 6 and 8) via the connector pin 108 and the conductor 

15 wire 133. Return pulses from myocardial tissue during pacing are routed back 
to the canJiac stimulator 112 through the annular contact 110 (see FIG. 6). The 
pathway for return pulses from myocardial tissue back to the annular contact 110 
is through the shock coil 126, the conductor wire 120, and finally the conductor 
wire 122. The conductor wire 122 may take on a variety of configurations, such 

20 as single filar, multi-filar or the like and may be composed of the same types of 
materials used to fabricate the conductor wire 120. In an exemplary 
embodiment, the wire 122 is an uncoated, coiled three-filar wire composed of 
drawn brazed strands of stainless steel MP35N steeL 

The engagement between the conductor wire 122 and the conductor wire 

25 120 inside the branch body 174 is substantially identical to the configuration 
depicted in FIG. 8. The loops of the conductor wire 120 are spread as described 
above in conjunction with FIGS. 12 and 13 so that the loops of the tri-filar 
conductor wire 122 may be intertwined therewith at 176 and 178, The conductor 
wire 120 is unfurled proximal to the coii of the wire 122 at 176 and positioned in 

30 longitudinal alignment with the segment 96. The unfurling establishes arcuate 
sections 180 of the filare in the branch body 174 that are shown in phantom. 
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Electrical contact between the two conductor wires 120, 122 takes place through 
physical contact of adjacent filars where the two coiled wires are threaded 
together. This contact is also enhanced by encasing this area in a conductive 
matrix such as the silver-polymer matrix mentioned above. The branch 
s assembly is completed by gluing the branch body 174 around the segments 96, 
98 and the insulating sleeve 94, as described above. 

The lead body of the present invention incorporating intertwined 
conductor wires 120 and 126 spiraled around the flexible inner sleeve 134 (see 
FIG. 8) essentially eliminates rigid tubing through which the implanting physician 
io might otherwise have to traverse a stylet during implantation of a conventional 
lead. For the implanting physician, the flexibility of the entire length of the lead 
body 92 means that the lead body 92 will more easily conform to the curvature 
of the stylet The result is less resistance to passage of the stylet, (ess potential 
for buckling of the stylet, and a better tactile response for the physician: 
,s The foregoing illustrated embodiments included the union of a shock coil 

126 and a conductor wire 120 (see FIGS. 6. 7 and 8). However, the skilled 
artisan will appreciate the combination of the inner sleeve 134 and the 
Intertwining of coils may be used to join a myriad of different types of conductor 
wires, either in a branched lead as shown, or in a lead Incorporating a single 
20 insulating lead sleeve. The loops of one of the wires may be spread as shown 
or the loops of both may be spread prior to intertwining as desired. 

While the invention may be susceptible to various modifications and 
alternative forms, specific embodiments have been shown by way of example 
in the drawings and have been described in detail herein. However, it should be 
understood that the invention is riot intended to be limited to the particular forms 
disclosed. Rather, the invention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the invention as defined by the 
following appended claims. 
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CLAIMS 

What is claimed is: 

1 . A cardiac lead, comprising: 

a connector for coupling to a cardiac stimulator; 
a first flexible insulating sleeve coupled to the connector; 
a second flexible insulating sleeve coupled to the connector and 
5 having a portion positioned inside the first flexible insulating 

sleeve; 

a first conductor wire having a coiled portion with at least a first loop 
and a second loop, the first and second loops being positioned 
between the portion of the second flexible insulating sleeve and 
10 the first insulating sleeve; and 

a second conductor wire having a coiled portion with at least a third 
loop, the third loop being positioned between the portion of the 
second flexible Insulating sleeve and the first insulating sleeve, 
the first and second conductor wires being spiraled together so 
that the third loop is positioned between the first and second 
loop and forming an electrical contact between said first and 
second conductors. 

2. The cardiac lead of claim 1 . wherein the first conductor wire comprises 
a conductor coated with an insulating jacket. 

3. The cardiac lead of claim 2, wherein the conductor comprises a 
plurality of conducting filaments. 

4. The cardiac lead of claim 1 , wherein the second insulating sleeve has 
a second portion positioned outside said first insulating sleeve and the 
second conductor wire has a plurality of loops positioned adjacent said 
second portion of said second insulating sleeve. 
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5. The cardiac lead of claim 4, wherein the plurality of loops are coated 
with iridium oxide. 



6. The cardiac lead of claim 4, wherein the second conductor wire has 
three filars. 

7. The cardiac lead of claim 1 , wherein the first and second insulating 
sleeves are composed of silicone. 

8. The cardiac lead of claim 1 wherein said first, second and third loops 
are further electrically connected by an electrically conductive 
adhesive. 

9. A cardiac lead, comprising: 

a first connector and a second connector coupled to a branch 

assembly; 

a first flexible Insulating sleeve coupled to the branch assembly; 
5 a second flexible insulating sleeve coupled to the branch assembly and 

having a portion positioned inside the first flexible insulating 
sleeve; 

a first conductor wire having a coiled portion with at least a first loop 
and a second loop, the first and second loops being positioned 
10 around the second flexible insulating sleeve within the branch 

assembly, and 

a second conductor wire having a coiled portion with at least a third 
loop, the first and second conductor wires being spiraled 
together so that the third loop is positioned between the first and 
15 second loops. 

10. The cardiac lead of claim 9. wherein the branch assembly comprises 
molded silicone. 

-19- 



PAGE 109/131* RCVD AT 11/28/2005 12:52:24 PM [Eastern Standard Time] ' 8VR:USPTO-EFXRF-6/27* DNIS:2738300 ' CSID:+1 212 319 5101 * DURATION (mm-ss):31-24 



NOV. 28. 2005 1:20PM +1-212-319-5101 customer 01933 

WO 00/27471 



NO. 3443 P. 110 

PCT/OS99/26599 



11. The cardiac lead of claim 9, wherein the first conductor wire comprises 
a conductor coated with an insulating jacket 

12. The cardiac lead of claim 1 1 , wherein the conductor comprises a 
plurality of conducting filaments. 

13. The cardiac lead of claim 9 wherein first, second and third loops are 
further electrically connected by an electrically conductive adhesive. 

( 
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